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Shifting the Focus From Theory to Practice*Usman Baber, MD, MS, Paolo Boffetta, MD, MPHP hysical activity and cardiorespiratory ﬁtness(CRF) represent complementary metrics of phys-iologic health, both of which are associated with
substantial reductions in cardiovascular disease risk.
While physical activity is a behavior generally measured
using subjective methods, CRF is a metric of habitual ac-
tivity, frequently quantiﬁed as the ratio of energy
expended during maximal exercise compared with
rest, or metabolic equivalents (METs). This distinction
is meaningful, because many individuals overreport
their level of activity, potentially assuming a higher state
of ﬁtness that may not be accurate. The beneﬁts of phys-
ical activity seem to be largely mediated by favorable
modulation of CRF (1), indicating the need to achieve a
minimum threshold of activity and the superiority of
this measure over self-reports. Recent physical activity
guidelines endorsed by the U.S. Department of Health
and Human Services incorporate this reasoning, recom-
mending a minimum of 150 min of moderate-intensity
exercise per week to achieve meaningful health beneﬁts
(2). Large-scale epidemiological studies, such as the Aer-
obics Center Longitudinal Study, have documented sub-
stantial, dose-dependent beneﬁts of increasing CRF
levels on reducing cardiovascular disease risk.In this issue of the Journal, Park et al. (3) extend
previous work from the Aerobics Center Longitudinal
Study cohort by examining the interrelationships
between CRF, age, and change in serum lipoproteins
in a large sample of healthy men (n ¼ 11,418) under-
going preventive health examinations at the Cooper
Clinic over a 36-year period (1970 to 2006). Serum
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the contents of this paper to disclose.lipids were drawn after an overnight fast and study
participants (mean age, approximately 44 years) un-
derwent exercise treadmill testing following a modi-
ﬁed Balke protocol. CRF was deﬁned as treadmill time
expressed as METs. The average number of study
visits was 3.5. The primary dependent outcome
measure of the study was change in serum lipopro-
teins, which was modeled to account for correlations
in the repeated measurements between individuals.
The key exposure of interest was CRF, which was age-
standardized and categorized in tertiles. The authors
report a gradual increase and then plateau of serum
total cholesterol, low-density lipoprotein cholesterol,
and non–high-density lipoprotein cholesterol (non-
HDL-C) in young to middle-age ranges, with a sub-
sequent decline in older individuals. A similar pattern
was observed for serum triglycerides. Conversely,
serum HDL-C gradually increased monotonically with
age. Although largely similar patterns of serum lipo-
proteins levels and age have been reported previously
(4), an important and novel ﬁnding from the current
work was the differential effect of CRF on change in
lipid proﬁles as a function of age. Speciﬁcally, in young
to middle-aged individuals, CRF demonstrates a
strong inverse association with serum levels of total
cholesterol, low-density lipoprotein cholesterol, and
non-HDL-C, whereas no differences were apparent be-
tween CRF groups in older individuals. As a result, the
appearance of an abnormal lipid proﬁle was delayed
by almost 10 years in individuals with the highest
versus the lowest levels of CRF. In contrast, CRF was
positively associated with HDL-C across all age ranges.
The results of the present study should be
interpreted in the context of the unique clinical, de-
mographic, and risk characteristics of study partici-
pants enrolled in the Aerobics Center Longitudinal
Study. In the overall cohort, the prevalence of dia-
betes mellitus was only 2.8%; the mean body mass
index was 25.9; and more than 50% achieved maximal
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2102METs over 12, exceeding the conventional threshold
of 10 METs that is associated with very low cardiac
risk (5). These characteristics are not typical of the pa-
tients for whom an exercise prescription may be
considered by physicians in daily clinical practice.
For example, in a recent study, <50% of patients
referred for exercise stress testing could achieve a
benchmark of 10METs (6). Thus, the favorable beneﬁts
of CRF on changes in lipoprotein levels observed by
Park et al. (3) in this low-risk cohort might plausibly
translate to even larger effects in higher-risk patients.
In addition, the characteristics of the study popu-
lation caution against generalization to racial/ethnic
minorities and women. Differences in levels of phys-
ical activity reported using subjective or objective
measures between men and women and across racial
groups may have important implications for the ben-
eﬁts of CRF on determinants of cardiac risk. This hy-
pothesis is supported by prospective studies showing
that the protective effects of physical activity in
reducing obesity are attenuated in black as compared
with white female adolescents, which may be attrib-
utable to racial differences in rates of fat oxidation
during exercise or basal energy expenditure (7,8).
The inferences surrounding CRF and lipoprotein
levels in elderly participants from this report are
intriguing because the epidemiology of serum cho-
lesterol and cardiovascular disease risk varies with
age. In elderly individuals, low serum cholesterol is
associated with higher mortality, whereas the opposite
is seen in younger age groups (9). This association in
older adults is not causal in nature, but most likely is
a marker of confounding by comorbid, chronic, or other
inﬂammatory conditions that both reduce serum
cholesterol and increase mortality risk. In addition,
recent guidelines cite the lack of empirical evidence
supporting the use of statins for primary prevention
among individuals older than 75 years of age (10).
Despite the muted impact of CRF on lipid levels in
older individuals, other health beneﬁts of physical ac-
tivity may be even more relevant in this segment of the
adult population, including reducing risk from falls,
preventing functional limitations, and as a therapeutic
adjunct in the treatment of chronic diseases (11).
Perhaps the most important implication of the present
study is that improving CRF, particularly in young to
middle-aged individuals, may substantially delay the
onset and complications of atherosclerosis by favorably
modulating serum lipoprotein levels. This is pertinent
from a public health perspective, because the prevalence
of physical inactivity in the United States continues to rise
and seems disproportionately higher in younger age
groups. Findings from the National Health and Human
Education Survey 2003 to 2004 indicate that <10% ofchildren between 15 and 19 years of age achieved a mod-
erate level of physical activity, as measured using daily
accelerometers (12).
At a minimum, realizing the health beneﬁts of
greater CRF requires clinicians, policy-makers, and
others to improve public awareness of the health
beneﬁts of exercise, increase the amount of time cli-
nicians spend counseling and prescribing ﬁtness regi-
mens to patients, recalibrate individual perceptions
of ﬁtness with objective measurements, and repriori-
tize the importance of physical education in schools.
First, overall public awareness of the results of scien-
tiﬁc studies and consensus guidelines surrounding
physical activity remains low. For example, only
33% of participants in a cross-sectional study of U.S.
adults were aware of national physical activity rec-
ommendations stipulating a minimum of 30 min of
aerobic activity on most days of the week (13). Second,
increasing the amount of physical activity pre-
scriptions by clinicians offers another opportunity to
potentially enhance CRF. Although recent trends
show an overall improvement in this metric, only
34% of patients receive such prescriptions, and older
individuals are counseled more often than younger
patients (14). Third, previous studies suggest that close
to 50% of adults deemed inactive using objective
criteria classify themselves as active, highlighting
the poor correlation between subjective perceptions
of physical ﬁtness and objective measurements (15).
Similar ﬁndings were reported among adolescents
(16). Self-monitoring and automated feedback with
pedometers may facilitate a more realistic appraisal
of physical activity and possibly inﬂuence behavioral
changes. Finally, increasing trends for childhood
obesity parallel concordant reductions in physical
education enrollment within schools, with less than
one-third of high-school students participating in
regular physical exercise (17). The American Heart
Association and other national associations have
recommended policies mandating greater levels of
physical exercise within the school environment (18).
The current study by Park et al. (3) has provided
novel, clinically relevant insights on the favorable
impact of CRF on blood lipoprotein levels. Efforts
should now be directed toward translating these
ﬁndings to clinical and preventive practice.
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